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ABSTRACT

This methodology was developed for the quantitative and confirmatory determination
of 42 different veterinary drug residues, from 10 different classes of drugs in aquaculture
products. These drug classes include phenicols, beta lactams, fluoroquinolones,
quinolones, sulfonamides, tetracyclines, macrolides, lincosamide, triphenyl methane
dyes, and anthelmintics. The extraction procedure is based on the previously published
LIB # 4615, which removes unwanted matrix components from the aquaculture tissue,
while allowing for coverage of a broad range of residues. This extraction method, in
combination with an optimized LC-MS/MS acquisition method using electrospray
ionization in positive and negative ion mode, has provided accurate quantitative results.
Method validation has been performed for shrimp, frog legs, barramundi, croaker, and
cobia.
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INTRODUCTION

One of the fastest growing food industries across the world is aquaculture. This is
partly due to the increasing world population, and because individuals are consuming a
higher percentage of fish, crustaceans, and other aquatic species. Between 1961 and
2016, the average annual increase in global food fish consumption (3.2 percent) outpaced
population growth (1.6 percent) (1). Furthermore, the aquaculture industry now
accounts for 50% of the world’s fish that is used for food (2). In 2012 the U.S. National
Oceanic and Atmospheric Association (NOAA) reported that the United States alone
consumed more than 4.5 billion pounds of seafood (2-5). Therefore, it is evident that the
aquaculture industry is a thriving industry that has substantial economic impact globally.

Treatment and prevention of illnesses or diseases is of critical importance in
aquaculture facilities. Administering antibiotics and veterinary drugs to aquaculture
species is one of the primary methods for ensuring the health of aquaculture products.
These drugs are usually readily available and efficient; however, the presence of
veterinary drugs in foodstuff is of great interest to the United States, European Union,
and many other countries. This is primarily because the presence of various drugs in
foodstuff can lead to serious health risks to consumers. These include, but are not limited
to aplastic anemia, bone marrow suppression, carcinogenic effects, mutagenic effects,
Steven-Johnson syndrome, organ failure, and antibiotic resistance (5-12).

The U.S. Food and Drug Administration has an interest in expanding the number of
veterinary drug residues determined to further ensure public health safety. However,
most of the currently available analytical methods are not suitable for extraction and
determination of several classes of drug residues, such as the more polar macrolides and
extremely non-polar triphenyl methane dyes. Furthermore, some of these methods do not
adequately remove many of the fats and phospholipids from several aquaculture matrices.
This then leads to poor analyte recoveries, increased uncertainty, and inability to meet
needed method detection limits (MDL).

In efforts to determine a wide variety of veterinary drugs, pass through solid-phase
extraction (SPE) was used for extraction purposes. Furthermore, the use of HLB Prime
SPE cartridges has been shown to be very effective for removal of fats and
phospholipids. This technology was effectively utilized in LIB # 4615 for the screening
of veterinary drug residues in fish, shrimp and eel using LC-HRMS (6). Slight
modifications were made in the extraction procedure of LIB # 4615 to enhance
quantitation.

This study illustrates the method development and validation of a multi-residue
method for a variety of aquaculture matrices. The procedure can extract and determine
42 different veterinary drug residues from 10 different classes of drugs via LC-tandem
MS (MS/MS) technology. Both positive and negative electrospray ionization were used
for the analysis.
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EXPERIMENTAL

Apparatus

a) HPLC- Agilent Technologies, 1260 series (Santa Clara, CA).

b) Mass Spectrometer (MS) — Agilent 6495 triple quadrupole mass spectrometer
equipped with electrospray ionization.

c) Chromatographic column — Agilent Infinity Lab Poroshell 120 EC-C18, 150 x 2.1
mm, 2.7 pm

d) Blender — RobotCoupe (Ridgeland, MS)

e) Solid-phase extraction cartridges — Waters Oasis PRIME HLB 6c¢c (200 mg)
(Milford, MA)

f) 15 mL disposable polypropylene centrifuge tubes with screw tight lids — (Sarstedt,
Newton, NC)

g) 50 mL disposable polypropylene centrifuge tubes with screw tight lids — (Sarstedt)

h) Multi-tube vortex shaker — capable of holding 50 mL centrifuge tubes

1) Refrigerated Microcentrifuge — capable of > 20,500 g.

J) Refrigerated Centrifuge — capable of > 7,000 g.

K) Mechanical shaker or multi-tube vortex mixer

I) Solvent evaporator: Zymark Turbo Vap or equivalent

m) 2 mL Autosampler vials with inserts— Agilent Technologies

n) Autosampler vial caps — Agilent Technologies

Reagents and Standards

a) Acetonitrile — LC-MS grade obtained from Fisher Scientific (Houston, TX)
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Methanol— LC-MS grade obtained from Fisher Scientific
Formic Acid — LC-MS grade obtained from Fisher Scientific
p-Toluenesulfonic acid monohydrate (p-TSA) — Fisher Scientific
Glacial acetic acid — Fisher Scientific

Water — Millipore Milli-Q system (Burlington, MA)
Enrofloxacin — SPEX CertiPrep (Metuchen, NJ)

Sarafloxacin hydrochloride hydrate — SPEX CertiPrep
Ciprofloxacin — SPEX CertiPrep

Danofloxacin — SPEX CertiPrep

Difloxacin hydrochloride — SPEX CertiPrep

Norfloxacin — SPEX CertiPrep

m) Nalidixic Acid — SPEX CertiPrep

n)
0)
p)
Q)
r)
)
t)

Oxolinic Acid — SPEX CertiPrep

Flumequine — SPEX CertiPrep

Lincomycin hydrochloride — SPEX CertiPrep
Erythromycin — SPEX CertiPrep

Doxycycline hydrochloride — SPEX CertiPrep
Tetracycline — SPEX CertiPrep
Oxytetracycline — SPEX CertiPrep
Chlortetracycline — SPEX CertiPrep
Sulfamethazine — SPEX CertiPrep
Sulfamerazine — SPEX CertiPrep

Sulfadimethoxine — SPEX CertiPrep
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y) Sulfadiazine — SPEX CertiPrep

z) Sulfachlorpyridazine — SPEX CertiPrep
aa) Sulfaquinoxaline — SPEX CertiPrep

bb) Sulfathiazole — SPEX CertiPrep

cc) Sulfacetamide — SPEX CertiPrep

dd) Sulfaethoxypyridazine — SPEX CertiPrep
ee) Sulfamethoxazole — SPEX CertiPrep

ff) Sulfamethoxypyridazine — SPEX CertiPrep
99) Sulfapyridine — SPEX CertiPrep

hh) Sulfadoxine — SPEX CertiPrep

i) Sulfamonomethoxine — SPEX CertiPrep
j]) Malachite Green — SPEX CertiPrep

kk) Leuco Malachite Green — SPEX CertiPrep
) Crystal Violet — SPEX CertiPrep

mm) Leuco Crystal Violet — SPEX CertiPrep
nn) Trimethoprim — SPEX CertiPrep

00) Hydroxy Mebendazole — SPEX CertiPrep
pp) Mebendazole Amine — SPEX CertiPrep
gq) Mebendazole — SPEX CertiPrep

rr) Florfenicol Amine — SPEX CertiPrep

ss) Ampicillin — SPEX CertiPrep

tt) Amoxicillin — SPEX CertiPrep

uu) Cloxacillin — SPEX CertiPrep
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W) Thiamphenicol — SPEX CertiPrep

WW) Roxithromycin (ROX)— Sigma Aldrich (St. Louis, MO)

XX) Gentian Violet (GV ds) — Santa Cruz Biotechnology (Santa Cruz, CA)
YY) Leuco Gentian Violet (LGV ds) — Santa Cruz Biotechnology

2z) Malachite Green (MG ds)— Sigma Aldrich

aaa)Leuco Malachite Green (LMG ds)— Sigma Aldrich

bbb) Oxolinic Acid (OXO ds)— Sigma Aldrich

METHOD

Suggested Reagent and Standard Preparation:
*Black and blue markers often contain gentian violet, therefore, markers
containing these colors should be avoided during standard preparation, and
sample preparation and extractions. Furthermore, many of the drug residues are
light sensitive and prolonged exposure to light should be avoided when possible.

a. Extraction Solvent: 8 grams of p-TSA, and 80 mL of acetic acid diluted to 4.00 L
with acetonitrile.

b. Stock Internal Standard Solutions (ISTD): Separate internal standard stock
solutions were prepared in an appropriate organic solvent as follows:
(all internal stock standard solutions were stored at < 0° Celsius, and are
stable for six -months)

i.  50.0 pg/mL for gentian violet de, leuco gentian violet ds, malachite green
ds, and leuco malachite green ds.
ii. 200 pg/mL for roxithromycin, and oxolinic acid ds.

c. Stock Standard Solutions for Calibration Standards: Prepare or purchase stock
standards in methanol or other appropriate organic solvent at the following levels:
(all stock standard solutions were stored at < 0° Celsius and are stable for one

year)

1. 400 pg/mL for the sulfonamides (sulfamerazine, sulfadiazine,
sulfachlorpyridazine, sulfathiazole sulfaquinoxaline, sulfamethazine,
sulfadimethoxine, sulfadoxine, sulfaethoxypyridazine,
sulfamethoxypyridazine, sulfamethoxazole, sulfapyridine,
sulfamonomethoxine, and sulfacetamide)

ii.  40.0 ug/mL for the triphenyl methane dyes (gentian violet, leuco gentian
violet, malachite green, and leuco malachite green)
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iii. 2000 ng/mL for the tetracyclines (tetracycline, oxytetracycline,
chlortetracycline, and doxycycline)
iv. 200 pg/mL for the anthelmintics (hydroxy mebendazole, mebendazole,
and mebendazole amine)
v. 2000 pg/mL for florfenicol amine,
vi.  40.0 pg/mL for thiamphenicol
vii. 2000 pg/mL for the lincosamide (lincomycin)
viii. 400 pg/mL for trimethoprim
ix. 2000 pg/mL for the macrolide (erythromycin,)
X. 200 pg/mL for the fluoroquinolones (ciprofloxacin, enrofloxacin,
sarafloxacin, difloxacin, norfloxacin, and danofloxacin)
xi. 400 pg/mL for the quinolones (oxolinic acid, nalidixic acid, and
flumequine)
xii. 400 pg/mL for the beta lactams (ampicillin, amoxicillin, and cloxacillin)

Stock Standard Solutions for Initial Calibration Verifications (ICVs): A second
set of stock solutions is prepared as the initial calibration verification (ICVs)
solutions.

Intermediate Internal Standard Solution: Prepare an intermediate ISTD solution
in methanol as described in Table 1.

Table 1: Preparation of an Intermediate ISTD Solution in Methanol

Roxithromycin 200 pg/mL 500 pL 25.0mL 4.00 pg/mL

Gentian Violet ds 50.0 pg/mL 200 puL 25.0 mL 0.400 pg/mL
Leuco Gentian Violet ds 50.0 pg/mL 200 puL 25.0 mL 0.400 pg/mL
Malachite Green ds 50.0 pg/mL 200 puL 25.0 mL 0.400 pg/mL

Leuco Malachite Green ds 50.0 ug/mL 200 puL 25.0 mL 0.400 pg/mL

Oxolinic Acid ds 200 pg/mL 500 uL | 25.0mL | 4.00 pg/mL

These solutions are stored at <-70°C and are stable for six-months.

Intermediate Analytical Calibration Standard Solution in methanol as described in
Table 2.

Table 2: Intermediate Analytical Calibration Standard Solution in methanol

Sulfamerazine 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
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Sulfadiazine 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Sulfachlorpyridazine 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Sulfathiazole 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Sulfaquinoxaline 400 pg/mL 62.5 pL 25.0 mL 1.00 pg/mL
Sulfamethazine 400 pg/mL 62.5 pL 25.0 mL 1.00 pg/mL
Sulfadimethoxine 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Sulfadoxine 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Sulfaethoxypyridazine 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Sulfamethoxypridazine 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Sulfamethoxazole 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Sulfapyridine 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Sulfacetamide 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Sulfamonomethoxine 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Ciprofloxacin 200 pg/mL 62.5 uL 25.0 mL 500 ng/mL
Norfloxacin 200 pg/mL 62.5 uL 25.0 mL 500 ng/mL
Sarafloxacin 200 pg/mL 62.5 uL 25.0 mL 500 ng/mL
Enrofloxacin 200 pg/mL 62.5 uL 25.0 mL 500 ng/mL
Difloxacin 200 pg/mL 62.5 uL 25.0 mL 500 ng/mL
Danofloxacin 200 pg/mL 62.5 uL 25.0 mL 500 ng/mL
Nalidixic Acid 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Oxolinic Acid 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Flumequine 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Hydroxy Mebendazole 200 pg/mL 62.5 uL 25.0 mL 500 ng/mL
Mebendazole Amine 200 pg/mL 62.5 pL 25.0 mL 500 ng/mL
Mebendazole 200 pg/mL 62.5 uL 25.0 mL 500 ng/mL
Erythromycin 2000 pg/mL 62.5 uL 25.0 mL 5.00 pg/mL
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Trimethoprim 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Lincomycin 2000 pg/mL 62.5 uL 25.0 mL 5.00 pg/mL
Doxycycline 2000 pg/mL 62.5 uL 25.0 mL 5.00 pg/mL
Tetracycline 2000 pg/mL 62.5 uL 25.0 mL 5.00 pg/mL
Oxytetracycline 2000 pg/mL 62.5 ulL 25.0 mL 5.00 pg/mL
Chlortetracycline 2000 pg/mL 62.5 uL 25.0 mL 5.00 pg/mL
Thiamphenicol 40.0 ng/mL 62.5 uL 25.0 mL 100 ng/mL
Malachite Green 40.0 pg/mL 62.5 uL 25.0 mL 100 ng/mL
Leuco Malachite Green 40.0 pg/mL 62.5 uL 25.0 mL 100 ng/mL
Gentian Violet 40.0 pg/mL 62.5 uL 25.0 mL 100 ng/mL
Leuco Gentian Violet 40.0 pg/mL 62.5 uL 25.0 mL 100 ng/mL
Brilliant Green 40.0 pg/mL 62.5 uL 25.0 mL 100 ng/mL
Florfenicol Amine 2000 pg/mL 62.5 uL 25.0 mL 5.00 pg/mL
Amoxicillin 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Ampicillin 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL
Cloxacillin 400 pg/mL 62.5 uL 25.0 mL 1.00 pg/mL

These solutions are stored at <-70°C and are stable for six-months.

g. Intermediate Analytical ICV Standard Solutions can be prepared as shown in
Table 2.

Sample Preparation and Extraction:

1. An appropriate amount of edible tissue (i.e. 100—150 grams) should be placed in a
Robot-Coupe food processor with an adequate amount of dry ice. The
components should be homogenized into a powder like form, with no apparent
clumps of product. The homogenized product should be placed in a freezer or
refrigerator for a minimum of 12 hours to allow the dry ice to sublime. Caution
should be used when working with dry ice to ensure there is adequate ventilation
in the room to prevent asphyxiation.
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. After the dry ice has sublimed, measure 4.00 grams (+ 0.04 grams) of the ground
tissue into a 50 mL centrifuge tube. Blank matrix matched tissue, without the
compounds of interest, is used for quality control and calibration standards.

. All internal standards, calibration standards and matrix spikes are fortified at the
levels listed in Table 3 below. Please allow standards to reside in the matrix for

10—15 minutes prior to the addition of extraction solvent.

Table 3: Calibration standards and matrix spikes

Extracted Calibration | Volume (uL) of Mixed Fortification Level
Curve Intermediate Standard

Calibration Standard # 1 20.0 X

Calibration Standard # 2 40.0 X

Calibration Standard # 3 60.0 1% X

Calibration Standard # 4 80.0 2X

Calibration Standard # 5 200 5X

*X is equal to the regulatory action level or the level of concern

4. Add approximately 8 mL of extraction solvent to each vessel and shake/vortex for
10 minutes.

5. Centrifuge the tubes at a minimum of 7,000 RCF at 4°C for 15 minutes.

6. Transfer 3.00 mL of the supernatant to an Oasis HLB PRIME (6cc, 200 mg) pass
through SPE cartridge. Allow the sample to pass through the cartridge by gravity
into an empty pre-weighed 15 mL centrifuge tube.

7. Evaporate the sample at 55°C to a sample weight of 0.10-0.16 g. Do NOT allow
the tubes to go dry. Reconstitute the sample with HPLC grade water (or
equivalent) to a sample weight of 0.40 g (+0.03).

8. Sonicate the tubes for approximately 10 minutes, then vortex the samples for ~ 30
seconds, and transfer to a microcentrifuge tube.

9. Centrifuge the samples at a minimum of 20,500 RCF at 4°C for 15 minutes.
Transfer the supernatant to an autosampler vial for analysis.

Chromatography:

Table 4: HPLC Gradient

Time Flow %Mobile % Mobile
(min) (ul/min) Phase A Phase B
0.0 500 95 5
0.5 500 95 5

1.8 500 85 15
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Ciprofloxacin 5 112 (9) 99.3 97.6 0.805
Danofloxacin 5 98.3 (16) 124 124 1.27
Nalidixic Acid 10 102 (8) 118 119 1.25
Flumequine 10 103 (12) 117 123 1.97
Oxolinic Acid 10 104 (11) 116 117 1.77
Gentian Violet 1 101 (12) 121 117 0.190
Leuco Gentian Violet 1 110 (15) 102 108 0.260
Malachite Green 1 88.6 (8) 110 112 0.117
Leuco Malachite Green 1 98.0 (8) 116 110 0.115
Trimethoprim 10 110 (10) 108 106 1.67
Sulfacetamide 10 124 (3) 117 111 0.678
Sulfadiazine 10 98.6 (7) 118 108 1.03
Sulfathiazole 10 120 (5) 102 96.3 0.908
Sulfapyridine 10 111 (8) 110 105 1.32
Sulfamerazine 10 99.4 (12) 104 922 1.93
Sulfamethazine 10 110 (7) 117 113 1.24
Sulfamethoxypyridazine 10 111 (10) 120 119 1.77
Sulfamonomethoxine 10 118 (11) 120 117 2.06
Sulfachlorpyridine 10 113 (10) 114 104 1.83
Sulfadoxine 10 103 (12) 116 106 2.05
Sulfamethoxazole 10 115 (9) 111 107 1.65
Sulfaethoxypyridazine 10 106 (10) 109 105 1.73
Sulfadimethoxine 10 112 (9) 109 105 1.61
Sulfaquinoxaline 10 116 (12) 112 107 2.14
Table 9: Quantitative Data for Croaker.
Compound Level of % Recovery (% RSD) *MDL
Interest (1X) X 14X 5X
ng/g N=7 N=3 N=3 ng/g
Florfenicol Amine 50 101 (5) 96.3 88.0 4.30
Thiamphenicol 1 100 (14) 100 105 0.219
Lincomycin 50 95.7 (9) 96.7 99.3 6.95
Amoxicillin 10 76.0 (7) 112 107 0.820
Ampicillin 10 83.7 (10) 108 109 1.31
Cloxacillin 10 92.7 (8) 101 98.5 1.18
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Hydroxy Mebendazole 5 104 (7) 104 102 0.566
Mebendazole Amine 5 93.4 (10) 101 105 0.765
Mebendazole 5 101 (8) 106 104 0.631
Tetracycline 50 85.8(9) 118 116 6.19
Oxytetracycline 50 106 (9) 111 101 7.85
Doxycycline 50 99.0 (10) 114 100 7.69
Chlortetracycline 50 107 (13) 117 111 11.2
Erythromycin 50 70.0 (9) 80.9 73.2 5.20
Ciprofloxacin 5 84.9 (18) 97.0 120 1.19
Danofloxacin 5 89.4 (10) 88.1 98.9 0.752
Norfloxacin 5 87.5(13) 112 135 0.912
Enrofloxacin 5 90.2 (9) 90.8 101 0.643
Sarafloxacin 5 92.0 (8) 101 107 0.598
Difloxacin 5 90.1 (14) 103 99.3 0.948
Flumequine 10 71.5(9) 104 103 1.00
Oxolinic Acid 10 81.9(11) 109 110 1.45
Nalidixic Acid 10 77.3 (9) 110 101 1.08
Gentian Violet 1 80.9 (15) 97.1 104 0.191
Leuco Gentian Violet 1 78.9 (20) 87.3 81.4 0.249
Malachite Green 1 77.2 (9) 100 101 0.112
Leuco Malachite Green 1 89.4 (15) 101 92.8 0.207
Trimethoprim 10 95.0 (10) 104 107 1.55
Sulfacetamide 10 95.1 (8) 107 104 1.25
Sulfadiazine 10 93.6 (6) 95.9 87.9 0.876
Sulfathiazole 10 93.0 (6) 85.8 76.3 0.908
Sulfapyridine 10 101 (8) 84.7 78.7 1.25
Sulfamerazine 10 90.7 (11) 78.6 82.9 1.48
Sulfamethazine 10 81.2 (10) 103 104 1.32
Sulfamethoxypyridazine 10 95.8 (6) 101 90.9 0.979
Sulfamonomethoxine 10 91.8 (11) 112 101 1.65
Sulfachlorpyridine 10 94.1 (9) 94.9 91.1 1.34
Sulfadoxine 10 84.5 (6) 89.3 84.0 0.829
Sulfamethoxazole 10 96.1 (8) 95.1 97.3 1.19
Sulfaethoxypyridazine 10 104 (5) 98.7 92.8 0.855
Sulfadimethoxine 10 94.9 (7) 93.4 88.3 1.03
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Sulfaquinoxaline 10 95.5(5) 96.9 91.4 0.764
Table 10: Quantitative Data for Cobia.
Compound Level of % Recovery (% RSD) *MDL
Interest (1X) %X 1%X 5X
ng/g N=7 N=3 N=3 ng/g
Florfenicol Amine 50 123 (4) 102 90.4 3.87
Thiamphenicol 1 90.3 (6) 98.2 96.0 0.0915
Lincomycin 50 110 (6) 95.3 92.1 541
Ampicillin 10 130 (6) 110 103 1.21
Amoxicillin 10 132 (4) 109 105 0.769
Cloxacillin 10 97.0 (4) 98.2 102 0.626
Hydroxy Mebendazole 5 110 (8) 101 96.6 0.661
Mebendazole Amine 5 115 (5) 101 93.8 0.484
Mebendazole 5 129 (4) 104 88.8 0.447
Tetracycline 50 123 (8) 113 100 7.41
Oxytetracycline 50 123 (8) 121 105 7.75
Doxycycline 50 126 (4) 109 104 431
Chlortetracycline 50 118 (7) 121 103 6.28
Erythromycin 50 67.0 (9) 70.8 89.5 0.447
Norfloxacin 5 109 (11) 116 114 0.940
Enrofloxacin 5 121 (5) 107 101 0.511
Sarafloxacin 5 111 (5) 104 88.6 0.431
Difloxacin 5 117 (6) 103 101 0.592
Ciprofloxacin 5 116 (6) 99.7 110 0.518
Danofloxacin 5 124 (7) 105 96.0 0.666
Nalidixic Acid 10 90.9 (4) 99.3 101 0.655
Flumequine 10 83.4(5) 97.8 100 0.723
Oxolinic Acid 10 82.9 (7) 91.7 92.1 0.928
Gentian Violet 1 79.1 (11) 103 107 0.134
Leuco Gentian Violet 1 109 (10) 95.8 80.5 0.183
Malachite Green 1 88.4 (8) 94.6 93.6 0.118
Leuco Malachite Green 1 113 (5) 100 98.0 0.0859
Trimethoprim 10 98.1 (11) 102 99.2 1.64
Sulfacetamide 10 102 (5) 107 98.2 0.747
Sulfadiazine 10 97.3 (11) 101 101 1.68
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Sulfathiazole 10 91.5(7) 92.7 93.3 1.08
Sulfapyridine 10 101 (6) 98.4 953 1.02
Sulfamerazine 10 94.7 (6) 113 99.0 0.933
Sulfamethazine 10 102 (5) 96.7 93.1 0.784
Sulfamethoxypyridazine 10 104 (7) 97.6 95.9 1.16
Sulfamonomethoxine 10 107 (6) 95.8 90.1 0.960
Sulfachlorpyridine 10 103 (6) 104 96.5 0.984
Sulfadoxine 10 102 (8) 103 96.9 1.29
Sulfamethoxazole 10 95.7(7) 103 96.5 1.06
Sulfaethoxypyridazine 10 100 (4) 98.0 94.3 0.573
Sulfaquinoxaline 10 99.2 (6) 104 97.9 0.901
Sulfadimethoxine 10 101 (4) 107 97.0 0.684
Table 11: Quantitative Data for Barramundi.
Compound Level of % Recovery (% RSD) *MDL
Interest (1X) X 14X 5X
ng/g N=7 N=3 N=3 ng/g
Florfenicol Amine 50 93.4 (8) 104 102 6.20
Thiamphenicol 1 115 (8) 101 105 0.147
Lincomycin 50 126 (7) 115 111 7.30
Amoxicillin 10 127 (7) 115 117 1.35
Ampicillin 10 134 (4) 119 126 0.952
Cloxacillin 10 123 (4) 112 114 0.870
Hydroxy Mebendazole 5 120 (5) 101 98.6 0.454
Mebendazole Amine 5 126 (7) 110 105 0.682
Mebendazole 5 131 (7) 117 109 0.723
Tetracycline 50 134 (8) 119 121 8.09
Oxytetracycline 50 136 (2) 127 132 2.19
Doxycycline 50 136 (1) 107 116 1.56
Chlortetracycline 50 133 (3) 111 118 3.47
Erythromycin 50 82.0 (10) 75.6 94.5 6.31
Norfloxacin 5 104 (9) 104 107 0.721
Ciprofloxacin 5 124 (5) 99.0 92.3 0.480
Danofloxacin 5 122 (6) 128 114 0.622
Enrofloxacin 5 101 (8) 943 84.1 0.688
Sarafloxacin 5 119 (2) 105 104 0.162
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Difloxacin 5 135 (4) 102 100 0.479
Oxolinic Acid 10 95.2 (6) 103 108 0.869
Nalidixic Acid 10 101 (6) 113 126 0.955

Flumequine 10 103 (8) 112 120 1.24
Gentian Violet 1 107 (17) 108 119 0.289
Leuco Gentian Violet 1 107 (15) 114 113 0.255
Malachite Green 1 105 (6) 102 105 0.0938
Leuco Malachite Green 1 97.2(9) 111 109 0.135
Trimethoprim 10 117 (4) 117 113 0.794
Sulfacetamide 10 113 (6) 96.8 94.2 1.11
Sulfadiazine 10 121 (6) 95.5 95.8 1.13
Sulfathiazole 10 112 (11) 100 92.8 1.96
Sulfapyridine 10 115 (6) 106 109 1.17
Sulfamerazine 10 110 (10) 100 109 1.78
Sulfamethazine 10 118 (7) 100 105 1.29
Sulfamethoxypyridazine 10 122 (4) 105 107 0.746
Sulfamonomethoxine 10 116 (5) 113 111 1.00
Sulfachlorpyridine 10 121 (4) 94.4 93.1 0.869
Sulfadoxine 10 122 (6) 109 108 1.23
Sulfamethoxazole 10 117 (6) 108 106 1.09
Sulfaethoxypyridazine 10 125 (6) 108 105 1.21
Sulfadimethoxine 10 123 (5) 121 119 1.05
Sulfaquinoxaline 10 118 (7) 116 112 1.33




Figure 1: Chromatograms from %2 X fortification spike from croaker
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Amaxicillin 1: +ESI MBM Frag=380.0V CID&25.0 (366.0 -= 114.0) MDL 3.d

Ampicillin 1: +ESI MEM Frag=380.0V CID&33.0 (350.1 -> 106.0) MDL 3.d
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Chlortetracychne 1: +ES1 MBM Frag=380.0V CIDE21.0 (479.1 > 444 2) MDL 3.d
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Chlortetracycline 2: +ESI MRM Frag=380.0V CID&15.0 (479.1 -> 462.1) MDL 3.d

Ciproflosacin 1: +ESI MEM Frag=380.0V CID&45.0 (332.1 -= 231.0) MDL 2.d




LIB # 4653
Page 27 of 45

Clezacillin 1: +ESI MRM Frag=280.00 CID&@15.0 {436.0 -> 160.0) MDL 3.d

Clezacillin 2: +ESI MRM Frag=380.0v CID@20.0 (436.0 -= 276.8) MDL 3.d
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Danofloxacin 2: +ES| MEM Frag=380.0% CID&17.0 (358.2 -> 283.00) MDL 3.d
- I|'|
| I'
f I'
4 |
|
[
- || I|II
Jl \
] *’/\ / |
-f""‘-\-\_,-"l —_— r L_ -\.._\___,.'l \\-"—"—\—\. e




LIB # 4653
Page 28 of 45

Difloxacin 1: +ESI MEM Frag=380.0V CID&17.0 (400.2 -= 356.3) MDL 3.d

Difloxacin 2: +ESI MEM Frag=380.0V CID&25.0 (400.2 -= 299.0) MDL 3.d

] |I
_ |
/

Dosyoyeline 2: #ESI MRM Frag=380.0V CID@&17.0 (4451 -> 428 1) MDL 3.d
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Enrofloxacin 1: +ESI MEM Frag=330.0V CID@25.0 (360.1 -> 3421y MDL 3.d

Enrofloxacin 2: +ESI MRM Frag=380.0V CID@&38.0 (360.1 -> 245.7) MDL 3.d

Erythromycin 2: +ESI MEM Frag=330.0% CID@15.0 (734.8 -= 576.4) MDL 3.d
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Florfenicol Amine 1: +ES| MBM Frag=380.0V CID&5.0 (245.0 -= 230.0) MDL 3.d
11

1

Flumequine 1: +ESI MEM Frag=330.0V CID@&@27.0 (262.0 -> 244.1) MDL 3.d

Flumegquine 2: +E5] MEM Frag=380.00 CID&40.0 (262.0 -» 202.0) MDL 3.d
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Gentian Violet 1: +ES| MRM Frag=380.0V CID&55.0 (3722 -> 356.2) MDL 3.d

Gentian Viclet 2: +E51 MRM Frag=380.0V CID@73.0 (3722 -» 340.3) MDL 3d

Hydroxy Mebendazole 1: +ESI MEM Frag=380.0V CID&45.0 (298.2 -> 266.0) MDL 3.d
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Leuco Gentian Viclet 1: +ESI MEM Frag=380.0% CID@35.0 (374.3 -> 358.2) MDL 3.

Leuco Malachite Green 1: +ESI MRM Frag=380.0V CID@&40.0 (331.1 -» 235.0) MDL 3.d
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Lincomycin 1: +ESI MBM Frag=380.0V CID&60.0 (4072 -> 126.1) MDL 3.d

J N\

Lincormycin 2: +E51 MRM Frag=380.0V CID@70.0 (407.2 -= 701} MDL 3.d

Malachite Green 2: +ES| MRM Frag=320.0% CID@55.0 (329.0 > 208.1) MDL 3.d
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Mebendazole 1: +ES| MRM Frag=2380.0V CIDv&35.0 (296.1 -» 264.0) MDL 3.d

T T T T T T T

Mebendazole Amine 1: +ES| MRM Frag=280.0V CID&40.0 (238.2 -= 105.1) MDL 3.d

T T T T T T T T T T T T T T

Mebendazole Amine 2: +ESI MBM Frag=380.0v CID@47.0 (238.2 -> 133.3) MDL 3.d
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MNalidiac Acid 1: +ESI MRM Frag=380.0V CID&33.0 (233.0-> 187.1) MDL 3.d

Malidizac Acid 2: +ESI MEM Frag=380.0V CID@&@25.0 (233.0 -> 215.0) MDL 3.d

Morfloxacin 2: +ESI MRM Frag=320.0% CID&17.0 (3201 -= 276.1) MDL 3.d
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Cheolnic Acid 1: +ESI MRM Frag=380.0V CID@41.0 (262.1 -> 216.0) MDL 3.d

T T T T T T T T T T T T T T T T T T T

Oeolnic Acid 2: +ESI MRM Frag=380.0V CID&40.0 (262.7 -> 244.0) MDL 3.d

Choytetracycline 1: +ESI MRM Frag=380.0V CID&17.0 (461.2 -» 426.1) MOL 3.d

T T T T T T T T T T T T T T T T T T T

Onytetracycline 2: +ESI MRM Frag=320.0V CID@9.0 (461.2 -> 443.2) MDL 3.d
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Sarafloxacin 1: +E51 MBM Frag=380.0V CID&16.0 (386.1 -> 342.3) MDL 3.d

Sulfacetamide 1: +ES| MRM Frag=380.0v CID&@25.0 (215.0 - 92.1) MDL 3.d
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Sulfachloropyidine 1: +ESI MRM Frag=380.0V CID@&35.0 (284.9 = 92.1) MDL 3.d

Sulfachloropyidine 2: +ESI MBM Frag=330.0% CID&33.0 (284.9 - 108.1) MDL 3.d

T T T T T

Sulfadiazine 2: +ESI MEM Frag=320.0% CID@10.0 (251.0 -> 108.0) MDL 3.d
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Sulfadimethoxane 1: +ESI MBM Frag=380.0V CID&27.0 (3109 -> 156.0) MDL 2.d

A
J N\

Sulfadimethoxine 2: +ESI MRM Frag=380.0V CID@&41.0 (310.9 -= 92.0) MDL 3.d

T T T T T T T

Sulfadoxine 1: +ESI MRM Frag=380.0% CID@35.0 (310.9 - 92.0) MDL 3.d
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Sulfaethoxypyridazine 1: +E5| MRM Frag=330.0V CID&41.0 (295.0 -= 92.0) MDL 3.d

Sulfamerazine 1: +ESI MRM Frag=380.0V CID&25.0 (265.0 -= 108.0) MDL 3.d
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Sulfamethazine 1: +ESI MRM Frag=380.0 CID&35.0 (279.0 -> 92.1) MDL 3.d

Sulfamethazine 2: +ESI MRM Frag=330.0V CID&33.0 (279.0 -> 124.0) MDL 3.d

T T T 1 U T L) L] L} T T 1 T T

Sulfamethoxazole 2: +ESI MRM Frag=380.0V CID&35.0 (254.0 -> 108.0) MDL 3.d
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Sulfamethoxypridazine 1: +ES| MRM Frag=380.0V CID&@37.0 (2809 -> 92.0) MDL 3.d

Sulfamethoxypridazine 2: +E5| MEM Frag=380.0v CID@23.0 (280.9 -= 156.1) MDL 3.d

Sulfamonomethaxine 20 +ESI MRM Frag=320.0V CID&25.0 (281.0 -> 156.0) MDL 3.d
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Sulfapyridine 1: +ESI MBM Frag=380.0% CID@35.0 (250.0 -= 92.0) MDL 3.d

T T T T T T T T T T T T T

Sulfaquinoxaline 1: +ESI MRM Frag=380.0Y CID&41.0 (300.9 -> 92.1) MDL 3.d
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Sulfathiazole 1: +ESI MRM Frag=3380.0V CID@&33.0 (256.0 -> 92.1) MDL 3.d

T T T T T T T T T T T T T

Sulfathiazole 2: +ESI MRM Frag=380.0Y CID&10.0 (256.0 -= 156.0) MDL 3.d

Tetracycline 1: +ESI MRM Frag=380.0v CID@&17.0 (445.2 -> 409.9) MDL 3.d

Tetracycline 2: +ESI MRM Frag=380.0v CID@35.0 (4452 -> 153.9) MDL 3.d
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Thiamphenicol 1: -ES1 MRM Frag=320.0% CID&10.0 (354.0 ->= 280.0) MDL 3.d

Thiamphenicol 2: -ES| MRM Frag=380.0v CIDE10.0 (354.0 -= 185.0) MDL 3.d

Y-axis = abundance vs. X-axis = time (minutes)




